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Department of Musculoskeletal Sciences, Katholieke Universiteit Leuven, BelgiumJoint surface injuries occur frequently and are in some
cases associated with pain and reduced joint mobility,
loss of joint homeostasis and progression to osteoarthritis.
In spite of recent advances in the surgical treatment of
such lesions, important challenges in the care for these
patients remain and the treatment algorithm is still under
debate. Surgical approaches, in particular autologous cell
transplantation, are costly and the outcome depends on
a number of variables such as the joint status or microenvi-
ronment and the cell product used1,2. Targeted stimulation
of endogenous repair mechanisms therefore remains a spe-
ciﬁc goal. Achieving this will be critically dependent on our
understanding of the cellular and molecular basis of joint
formation, articular cartilage injury and repair3. Until
recently, progress in this area has been slow as in vivo
models of joint surface injury were usually developed in
larger animals such as rabbits and goats. Although these
animal models are obviously more easily accessible for sur-
gical procedures, they do not offer the opportunities for
genetic manipulation which are essential to understand
the disease mechanisms at the molecular level.
In this issue of the journal, Eltawil et al. describe the
development and validation of a new mouse model of carti-
lage injury4. The model does not only appear to be
reproducible and consistent but the outcome is also strain
and age dependent. The model can be considered as
a new tool in a rapidly growing armamentarium of surgical
mouse models of osteoarthritis and related conditions that
are gradually taking the place of more classical models
such as collagenase and papain induced arthritis.
A major strength of the model presented here is found in
its relative simplicity and its remarkable reproducibility.
Although creating the cartilage full thickness defect does
require some (micro)surgery skills, the procedure appears
relatively straight forward and it should be no problem to
adopt it in different laboratories. The authors gave speciﬁc
attention to the histomorphological analysis by applying
a rigorous strategy to evaluate the outcome at different
time points in a well-set frame. This effort to standardize
the analysis clearly shows its beneﬁt by the strikingly low
variability that is observed in the study. A similar model
was also recently reported in this journal5.
Of speciﬁc interest, Eltawil et al. as well as Fitzgerald
et al. also demonstrate that the same injury results in a com-
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693mouse strain in which their model is developed4,5. In both
papers, C57/Bl6 mice show little or no signs of tissue
response and restoration although in later stages a bony
and ﬁbrous repair/scar tissue can be recognized. In the
study by Eltawil et al. these mice also develop features of
knee osteoarthritis at a distance from the initial lesion sug-
gesting that the joint surface defect triggers a cascade of
events that will ultimately result in joint failure. This course
of disease is reminiscent of that seen in many patients.
The disease history was completely different in DBA/1
mice. In this strain, full thickness injury resulted in an appar-
ently very efﬁcient restoration effort with the formation of
a new articular cartilage-like repair tissue integrated into
the defect. At least from the histomorphological point of
view, the response to injury seen in the DBA/1 mouse rep-
resents a restoration of the original joint surface. A superior
healing response was also found in the MRL/MpJ strain5.
The spontaneous healing of cartilage defects in patients
has been described, in particular in younger patients. How-
ever, we have no tools to predict such a favorable outcome
in patients who present with a lesion. Both reports indicate
that the outcome of cartilage injury, at least in mice, is par-
tially determined by genetic factors. The difference between
the inbred mouse strains is striking: C57/Bl6 mice fail to
repair the lesion and progress towards osteoarthritis of the
joint. DBA/1 mice in contrast quickly and efﬁciently recon-
struct the joint surface. It is more difﬁcult to compare the
response in DBA/1 mice with the repair in MRL/MpJ mice
as the models are not exactly the same.
The outcome in the DBA/1 strain is quite remarkable in
particular sinceDBA/1micehavebeenassociatedwith endo-
chondral bone formation leading to joint ankylosis in models
of arthritis6. Indeed, aging male mice from this strain sponta-
neously develop excessive bone formation in the hind paw
toes leading to joint ankylosis and clinically presenting as
arthritis. In addition, the ﬁnal stages of other models of
arthritis that are easily induced in this strain, such as type II
collagen induced arthritis, are also characterized by exten-
sive new tissue formation leading to joint ankylosis.
Therefore, two important lesions can be taken from the
experiments of Eltawil et al.4 and those of Fitzgerald
et al.5. The speciﬁc repair response seen in the DBA/1
strain indicates that the genome of this mouse is capable
of building new and distinct tissue formation processes in
the skeleton under different situations. The MRL/MpJ strain
also has a remarkable intrinsic repair capacity that has
been demonstrated by the scarless healing of ear hole
punches7. Further studies in these models could therefore
help to identify those genetic factors that contribute to this
tissue response. Of interest, the repair response appears
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did not investigate female mice. In addition, it should be
noticed that the process in DBA/1 mice, and to a slightly
lesser extent the MRL/MpJ mice, leads to the formation of
the proper tissue, at least from a morphological point of
view. The full thickness lesions appear to heal with stable
articular cartilage-like tissue without progression towards
chondrocyte hypertrophy. As such, the events seen in these
models seem to recapitulate proper new tissue formation
and not a cascade of endochondral bone formation which
would be harmful. This means that new tissue formation
can be efﬁciently steered by the ‘‘genetic’’ environment in
which it is taking place. However, the long-term outcome
of these models has not been speciﬁcally examined and
therefore conclusions should be taken with some caution.
Finally, Eltawil et al. demonstrate in their paper that the
model is also amenable to some level of molecular analysis4.
Histomorphological methods clearly indicate the presence of
anabolic and remodeling processes. Cell death and
proliferation are also illustrated. Moremolecular approaches,
identifying key players and pathways, also seem possible.
The potential for this type of analysis and the eventual use
of different knockout and transgenic animals in this model
support our view that critical progress towards a molecular
basis for joint surface repair is on the horizon.Conﬂict of interest
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